Investigations on the Activity of the Histaminase in
Normal and Toxaemic Pregnancy BY R. KAPELLER-ADLER, Biochemical Laboratory of the Royal Infirmary, Edinburgh (Received 22 March 1944) In some recent papers I have suggested that histaminase may play an important part in the metabolic changes occurring in normal and toxaemic pregnancy (Kapeller-Adler, 1941 a, b, c; Kapeller-Adler & Adler, 1943) . From the experimental data obtained it has been assumed that histamine might be formed, in the metabolism of pregnant women, from the histidine present in large amounts throughout gestation, by the activity of histidine decarboxylase. In normal pregnancy most of the histamine formed is presumably destroyed by histaminase so that only traces escape destruction, to be excreted, in. the urine. It has further been suggested that in mild cases of pre-eclamptic toxaemia the activity of the histaminase may be impaired, and that more histamine may thus escape and be available to cause various kinds of damage.
Much of it, however, seems to be eliminated in the urine. In severe cases ofpre-eclamptic toxaemia and in eclampsia a condition may arise where the activity of the histidine decarboxylase may be increased, whereas that of the histaminase may be completely inhibited. Thus much histidine would be converted into histamine which, not being destroyed by histaminase, would cause considerable damage, especially to the liver and kidneys. The latter would then lose the ability to excrete histidine and histamine, which would be completely retained in the tissues. The object of the present paper was to obtain evidence of the role played by the histaminase in normal and toxaemic pregnancy. Marcou (1937) reported that the blood in pregnancy has an extraordinarily high activity in destroying histamine. Other investigators (Werle & Effkemann, 1940; Zeller, Stern & Wenk, 1941a) , working independently, came to the same conclusion and emphasized that this activity is characteristic only of pregnancy and does not occur in any other condition. According to Werle & Efkemann (1940) and to Zeller (1938 a, b) , the histamin reaction in the blood becomes positive in the very early months of pregnancy, remains positive until delivery, and disappears within the first few days of the puerperium. From numerous experiments Zeller (1938 a, b) Stern & Wenk (1940) claim that the histaase discovered by Best in 1929 is identical with the diaminoxidase which Zeller himself described in 1938 and which he found to be able to destroy not only histamine but also other naturally occurring diamines like cadaverine, putrescine, agmatine, spermin, etc. Zeller suggests that the diaminoxidase reaction is an oxidative one according to the equation R-CH2NH2 + 02 + H20 = R-CHO + NH3 + H202.
Evidence that H202 is probably formed by this system was given by Stevenson (1943) , who investigated the mechanism of the histaminase reaction upon histamine, putrescine and cadaverine. The purpose of this work was not only to study the histaminase activity in the serum of patients with normal and toxaemic pregnancy but also to-investigate the activity of this enzyme in the placenta and its possible significance in the onset and course of labour. Danforth (1937) and Zeller et al. (1939 a, b) report the occurrence of the histaminase in the human placenta. Although in Danforth's experiments the amount of histaminase in the placenta showed some correlation with the efficiency of uterine contractions, the author did not think that the evidlence was sufficient to draw a definite con- Examiniation of serum. The serum is dialyzed against Bt!15 phosphate buffer in a refrigerator overnight. Haemoyzed sera must not be used.
To 3 ml. of the dialyzed serum is added 0.5 ml. of the x/20 cadaverine hydrochloride solution, and to 3 ml. of the control serum 0.5 ml. of the phosphate buffer solution is added. To each test-tube 0-2 ml. of the indigo disul-. phonate solution and 0.1 ml. of toluene are then added and oxygen is allowed to bubble through the solution for 1-2 min. The test-tubes are closed with a rubber stopper and incubated for 24 hr. at 370. After that time the decoloration of the indigo disulphonate is examined. The initial blue colour of the control does not as a rule change, whereas the colour of the solution under assay has (a) completely disappeared or (b) diminished or (c) not changed at all. The estimation of the activity of the diaminoxidase (histaminase) is based upon the extent to which the indigo solution has been decoloured; thus + + + for complete decoloration, + + for distinct decoloration, + for slight deeoloration, 0 for no decoloration.
Examination ofplacentae. 10 g. of the thoroughly ground placenta are extracted with 25 ml. of 2-5 % (w/v) NaCl.
solution and the extract dialyzed against M/15 phosphate buffer solution in the refrigerator for 24 hr. The precipitate is then oentrifuged off. To 2-5 ml. of the placental extract 0-5 ml. of the M/0 solution of the substrate is added and then to each test-tube 2 ml. of the iAdigo solution and 0-3 ml. of toluene are introduced. The rest of the procedure is the same as that described above for serum. RESULTS Sera from 101 pregnant and non-pregnant subjects have been examined. Eight sera of non-pregnant subjects gave a completely negative result. Twentythree mixed sera ofwomen at various stages ofgestation (12-40 weeks) showed a vigorous enzymic activity ( + + to + + + ). In five cases the addition of 5 mg. of aneurin to 3 ml. of serum brought about a complete inhibition of the enzymic activity: no decoloration of the indigo solution occurred. This confirms the observation of Zeller et al. (1939b) that solutions of the diaminoxidase were completely inactivated by the presence of aneurin. The results obtained in the investigation of the serum of six patients suffering from pre-eclamptic toxaemia were very surprising since, contrary to my expectation based on the previous work quoted above, they showed no diminished activity of the serum except in one case. Until then, following Zeller's work, I had measured the activity of the diaminoxidase (histaminase) by using only cadaverine as substrate. It became clear to me that, if any conclusion was to be drawn from the experimental work regarding histaminase metabolism in pregnancy, histamine had to be used as substrate. Therefore, it was decided to use m/20 solutions of histamine hydrochloride, as well as of cadaverine bydrochloride, as substrates in parallel tests.
The sera of nine non-pregnant women were first examined by this modified technique; the results obtained were completely negative. The investigation of 32 mixed sera from women at various stages of normal pregnancy ( 12-40 weeks) was then carried R. KAPETLER-ADLER out. As can be seen from Table 1 most sera showed the same enzymic activity with either substrate. In a few instances, however, the activity appeared to be slightly less with histamine as substrate. Added to five sera, aneurin inhibited the-enzyme activity both when histamine and cadaverine were used as substrates. The results obtained in ten cases of mild preeclamptic toxaemia are presented in Table 2 . While the results with cadaverine as substrate have been found to be on the whole comparable with those in normal pregnancy serum, this was not the case when histamine was used as substrate. In seven out of ten cases a distinctly dimiinished activity of the enzyme was found when the results were compared with the normal. In four out of ten sera no activity was observed and in three others only a trace. In the sera of two patients, however, a normal activity of the diaminoxidase was found irrespective of whether cadaverine or histamine had been used as substrate. Both patients had stillbirths; intra-uterine death occurred several days before delivery and before the enzyme estimation had been carried out. The very serious condition of both patients cleared up also a few days before delivery. Table 3 shows the results obtained with the sera of three eclamptic patients. Whereas enzymic activity comparable with that in niormal pregnancy was found with cadaverine as substrate, no activity was seen in two sera and only a trace in one serum when histamine was used as substrate. In four out of five cases of hyperemesiu gravidarum negative enzymic reactions were obtained in the serum irrespective of the substrate used. In one of the cases normal activity was obtained with cadaverine wherea" only a trace of activity was seen with histamine as substrate. The sera of four pregnant patients, three of them suffering from hypertension and one from cardiac failure, gave normal results with both substrates.
Placentae from 45 women with normal and instrumental delivery were examined for histaminase activity, with cadaverine and histamine as substrates in parallel tests. Table 4 shows the results (Table 5); vigorous activity was found with both cadaverine and histamine as substrates.
In Table 6 Zeller's claim that histaminase and diaminoxidase are identical should be thoroughly re-examined. The findings in the experiments with histamine and with cadaverine as substrates are on the whole so completely different that the question arises whether the histaminase really is identical with the di. aminoxidase.
As to the results obtained with the sera of non. pregnant women and of those with normnal pregnancy, the conclusions of previous authors are confirmed. The histaminase reaction was found to be negative in the sera of non-pregnant individuals, and positive without an exception in normal pregnancy serumn The results found in the sera of women suffering from toxaemia of pregnancy, when histamine was used as substrate, were significant. As was to be expected from previous work quoted above, diminished histaminase activity was seen in cases of mild pre-eclamptic toxaemia, and only a trace of activity or a negative enzymic reaction was obtained in cases of hyperemeai8 gravidarum, in severe cases of pre-eclamptic toxaemia and in eclanpsia. The two cases of severe pre-eclamptic toxaemia, in both of which intra-uterine death had occurred and in the sera of which normal histariinase activity was found, are interesting so far as the results obtained may be suggestive of a possible restoration of a normal histaminase reaction in the serum caused by the death of the foetus. The completely normal findings in the cases of hypertension and cardiac failure may suggest that a diminished activity or absence of the histaminase in the serum may be characteristic only of toxaemic pregnancy. More investigations, however, must be carried out on this subject. The results obtained in the investigations on 45 placentae with respect to histaminase activity may suggest that the amount of histaminase in the placenta might be correlated with the character of the labour, for the activity of the histaminase in the placenta was found to be inversely proportional to the uterine efficiency. Little or no histaminase activity was found in the placentae of women who had had a normal labour with very efficient contractions, whereas high enzymic activity was seen in the placentae of patients who had had to undergo a caesarean section before the onset of labour. Accordingly, the placentae of women with prolonged labour and poor uterine contractions, and of patients with primary or secondary uterine inertia, contained varying amounts of histaminase. No spectacular conclusions can yet be drawn from the findings with the placentae ofwomen with pre-eclamptic toxaemia and eclampsia. In view of previous work histaminase activity might be expected to be much diminished or even completely absent in these cases. As all patients, however, had a spontaneous delivery,, the fact that no enzymic activity or only a trace of it has been found in the placentae has therefore no significance, since, as shown above, placentae of women with normal pregnancy and spontaneous delivery do not contain histaminase. More work, therefore, will have to be done on these lines. Although these experiments are far from complete, it appears possible from the data obtained that histaminase might play an important part at the onset and during labour. It may be suggested that histaminase, which is very effective in the placenta during pregnancy, might become inhibited at the end of pregnancy by the action of some compounds, possibly the sex hormones, which are known to play an important role at the onset of labour. It may be recalled that in 1937 (KapellerAdler, 1937) it was shown that the gonadotropic hormones inihibit the activity of the histidase. SUMMARY 1. The activity of the histaminase in the sera and placentae of pregnant women has been studied with two different substrates, cadaverine and histamine, in parallel tests.
2. The histaninase reaction is negative in the serum of non-pregnant women. 3. In normal pregnancy serum the histaminase test was found to be positive without exception, irrespective of the substrate used.
4. The activity of the histarninase is diminished in mild cases of pre-eclampti¢'toxaemia and only a trace of activity or a negative enzymic reaction was obtained in cases of hyperemesi8 grat*drum, in severe cases of pre-eclamptic toxaemia and in eclampsia.
5. The results obtained in investigations on 45 placentae suggest a possible correlation of the amount of the histaminase in the placenta with the character of the labour, the activity of the histaminase in the placenta having been found to be inversely proportional to'the uterine efficiency.
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